Experiment planning is the optimal control of an experiment in the context of incomplete information about the process mechanism. Interest in the science of experiment is associated with a wide range of experimental studies and a significant economic effect from the optimal organization of the experiment. An optimal experiment is a way to save time and cash, increase reliability of results. Middle fraction of Kumkol oil (200-300 ºC) was used to study the cavitation effect on fuel oil. The following catalytic systems were used, namely, modified FeS 2 , nanocatalysts ε-Fe 2 O 3 /SiO 2 , α-Fe 2 O 3 /SiO 2 spherical catalyst, β-FeOOH, and Fe(OA) 3 . By quantifying the individual composition of the middle fraction (200-300 ºС) of Kumkol oil, a general pattern of the effect of catalytic-cavitation processing on the hydrocarbon composition of the middle fraction (200-300 ºС) of Kumkol oil was established. The optimal conditions and a number of factors affecting the cavitation processing of the middle oil fraction (200-300 ºС) in the presence of a FeS 2 catalyst were determined. In accordance with the regression equation obtained, the optimal conditions for cavitation processing are the following: τ = 90-120 s, the amount of added catalyst is 0.7-1 g and the amount of added water is 1.5-2 ml.
Introduction
A large number of experimental problems in chemistry and chemical technology are formulated as extremal problems: determining the optimal process conditions, the optimal composition and etc. Due to the optimal location of points in the factor space and the linear transformation of coordinates, it is possible to overcome the drawbacks of classical regression analysis, in particular the correlation between the coefficients of the regression equation. The choice of the experiment plan is determined by the formulation of the research problem and the features of the object. The research process is usually divided into separate stages. The information obtained after each stage determines the further strategy of the experiment. Thus, the possibility of optimal control of the experiment arises. Planning an experiment allows all the factors to be varied simultaneously and to obtain quantitative estimates of the main effects and interaction effects. The effects of interest to the researcher are determined with a smaller error than with traditional research methods. Ultimately, the use of planning methods significantly increases the efficiency of the experiment [1] .
Middle fraction of Kumkol oil (200-300 ºC) was used to study the cavitation effect on fuel oil. The individual chemical composition of the middle fraction of Kumkol oil (200-300 ºC) is presented in Table 1 . The following catalytic systems were used, namely, modified FeS 2 , nanocatalysts ε-Fe 2 O 3 /SiO 2 , α-Fe 2 O 3 /SiO 2 spherical catalyst, β-FeOOH, and Fe(OA) 3 .
Experimental
Experiments on the cavitation processing of the middle fraction of oil (200-300 ºC) were performed in a ultrasonic disperser MEF-92, which allows high-intensity processing of small volumes of liquids under laboratory conditions.
A sample of the treated liquid with a volume of 0.05 ml was subjected to a cavitation effect for 7-10 minutes. The amount of the introduced catalytic additive was 1 % of the volume of the treated substance. The parameters of the ultrasonic cavitator MEF-92 are as follows: the oscillation frequency is 22 kHz, the intensity of the ultrasonic effect is up to 250 W/cm 2 , the power is 600 W. The study of products of the middle fraction of oil (200-300 ºC) before and after cavitation processing was determined by gas chromatography-mass spectrometry using an HP 5890/5972 MSD instrument from Agilent (USA). Chromatography conditions are DB-XLB-5 column, 30 mm × 0.5 μm; gas -helium, 0.8 ml/min; in the temperature range of 50 ºС -4 min, 50-150 ºС -10 ºС/min, 150-300 ºС -20 ºС/min, 300 ºС -4 min; evaporator: 200-300 ºС. Identification of substances was carried out according to the NIST 98 mass spectral database.
Results and discussion
One of the ways to successfully solve the technological problem of cavitation processing of oil fuels is to determine the optimal process conditions, namely, the duration of the cavitation processing, the amount of catalyst added and water. As optimization parameters (y), the dynamic viscosity of the average fraction of oil was considered, since viscosity is the main physico-chemical parameter of the properties of oil fuels. The following factors have been chosen as independent factors, namely, z 1 is duration of cavitation treatment (s); z 2 is the amount of catalyst (g); z 3 is the amount of water added (ml).
The influence of various factors on the reduction of viscosity during cavitation processing of the middle fraction of oil (200-300 ºС) was determined by the method of full factorial experiment design [1] . To derive a linear regression equation, an extended planning matrix of the full factorial experiment of type 23 was used (the number of levels was 2, the number of factors was 3), where all possible combinations of factors were implemented at the levels chosen for the study [2] . The coordinates of the center of the plan, the intervals of variation and the levels of research are shown in Table 2 . Table 3 presents the plan of the extended planning matrix of the full factorial experiment 2 3 on a dimensionless scale.
T a b l e 3

Expanded matrix of planning full factor experiment 2 3
Experience number
Using the plan presented in Table 3 , the coefficients of the full linear regression equation were calculated: The diagonal elements of the covariance matrix are equal to each other; therefore all the coefficients of equation (1) are determined with the same accuracy:
According to the formula (3): 0.04 / 8 0.014
The significance of the coefficients of the regression equations was estimated by the Student's criterion using the formula: 
According to the formula (4) t 0 = 1334.1; t 1 = 31.05; t 2 = 24; t 3 = 25.4; t 12 = 62.8; t 13 = 324.7; t 23 = 11.3; t 123 = 2.82. The tabular value of the student's criterion for the significance level p = 0.05 and the number of degrees of freedom f = 2 t p (f) = 4.30. Consequently, the coefficient b 123 is insignificant and should be excluded from the regression equation (1), and the equation takes the form: Р е п о з и т о р и й К а р Г У 
where l is the number of significant coefficients in the regression equation, equal to 4. Then F = 0.0225 / / 0.0016 = 14.06. The tabular value of the Fisher criterion for p = 0.05, f 1 = 1, f 2 = 2, F 1-p (f 1 , f 2 ) = 18.5, i.e. F < F 1-p (f 1 , f 2 ) .
Consequently, the resulting regression equation (5) adequately describes the experiment.
In accordance with Figure, we find that according to the obtained mathematical calculations, the optimal conditions for cavitation processing are the following: τ = 90-120 s, the amount of added catalyst is 0.7-1 g and the amount of added water is 1.5-2 ml. 
Conclusions
Thus, optimal conditions and a number of factors affecting the cavitation treatment of the middle oil fraction (200-300 ºC) in the presence of a FeS 2 catalyst are determined. In accordance with the obtained regression equation, the optimal conditions for cavitation processing are the following: τ = 90-120 s, the amount of added catalyst is 0.7-1 g and the amount of water added is 1.5-2 ml.
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